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ZYGONEMA 


DIPLONEMA DIAKINESIS METAPHASE I 


V 


INTERPHASE 
METAPHASE IT ANAPHASE IT 
PROPHASE IL 
THE STAGES OF MEIOSIS 
Figure 1 


Highly schematized diagram of stages of meiosis in which a single pair of chromosomes is 
followed. 
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MEIOSIS IN MAIZE 


M. M. Ruoapes 
Department of Botany, University of Illinois 


genetical studies have been con- 

ducted with maize than with any 
other plant, it is unfortunately true that 
no complete account of meiosis is avail- 
able for the guidance of students and 
non-maize geneticists. That maize in- 
vestigators have been somewhat remiss 
in not publishing a series of photomicro- 
graphs of the different meiotic stages is 
wholly understandable since the assem- 
bling of such pictures is a routine task. 
However when one has been engaged in 
teaching for several years, the need for 
a pictorial presentation becomes keenly 
felt; and it is to satisfy, to some extent 
at least, this need that this series of pho- 
tographs is published in the JouRNAL OF 
Herepity. No claim is made of the ex- 
cellence of these pictures; some of the 
stages of meiosis in maize, for example 
metaphase I, do not show the detail 
found in other forms; but on the other 
hand none of the stages is really bad and 
some are superb. 

A diagrammatic sketch illustrating the 
important features of the various stages 
accompanies the photomicrographs. It 
is hoped that the two combined with the 
brief commentary, which makes no at- 
tempt at completeness, will make meio- 
sis more understandable to the unini- 
tiated. All of the photographs are from 
carmine or orcein smear preparations 
made in the writer’s laboratory. Credit 
for the excellent pachytene figure should 
be given to Professor D. T. Morgan, 
Jr., of the University of Maryland, who 
made the preparation while a graduate 
student at Columbia University. In par- 
ticular I should like to acknowledge my 
great indebtedness to the pioneering 
work of Dr. Barbara McClintock. The 
identification of the pachytene chromo- 
somes and their association with specific 
linkage groups came almost entirely from 
her brilliant and illuminating studies. 

aize cytogenetics surely would not oc- 


| LTHOUGH more extensive cyto- 


cupy its present high estate were it not 
for her remarkable contributions. 

In relating crossing over to chiasmata, 
and chiasmata to post-diplotene associa- 
tion, we have followed the generally ac- 
cepted views. Likewise we have dia- 
grammed the unpaired leptotene chro- 
mosomes as single, but it should be 
emphasized that unanimity does not ex- 
ist about either the unsplit nature of the 
leptotene thread or the importance of 
chiasmata to metaphase pairing. 

The early meiotic prophase stages 
(Figure 1) have never been adequately 
described and we have given only cur- 
sory attention to leptonema and zygon- 
ema. Photomicrographs of these two 
stages have not been included because of 
our failure to obtain satisfactory pic- 
tures. At leptonema the chromatin 


_ threads are extremely long and slender, 


59 


being several times as attenuated as at 
midpachynema. Numerous small but 
distinct chromomeres may be clearly 
seen. The chromomeres visible at lep- 
tonema are more numerous and finer 
than at pachynema where the contrac- 
tion of the chromonemata has brought 
previously separated chromomeres into 
juxtaposition. The conspicuous hetero- 
chromatic regions known as_ knobs, 
which are found at characteristic posi- 
tions along the chromosome arms, are 
present at leptonema. Presumably the 
slender chromonema of leptonema is 
single and is devoid of coiling—a condi- 
tion which would facilitate the gene-by- 
gene pairing which begins at zygonema. 

Zygonema, at least in our smear prep- 
arations, is a difficult stage to analyze. 
The chromatin threads are drawn into a 
tight knot next to the nucleolus, but 
some pairing occurs before the so-called 
synizetic knot is formed. Occasionally 
a free arm protrudes from the chromatin 
mass, its paired nature revealing that 
synapsis has occurred. 

After pairing is completed, the paired 
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CENTROMERE 


THE TEN MAIZE CHROMOSOMES 
Figure 2 


Schematic diagram of pachytene chromosomes shown in Figure 3. Each bivalent chromo- 
some is represented by a single line in order to simplify the diagram. 


homologues emerge from the chromatin 
knot. It is at pachynema that the great 
beauty of the maize chromosomes is 
most apparent and it is these chromo- 
somes which have been so widely em- 
ployed by many maize students in their 
analysis of structural changes (see Fig- 
ure 8). The pachytene chromosomes 
are individually recognizable by their 
relative lengths, the distinctive chromo- 
mere patterns, the deep-staining knobs 
in characteristic positions, the position of 
the centromeres, and the deep-staining 
chromomeres adjacent to the centric re- 


gions. The nucleolar-organizing region 
of chromosome 6 remains associated 
with the nucleolus until its disappearance 
at the end of prophase. These chromo- 
somes have been numbered according to 
their lengths—chromosome 1 is the long- 
est and chromosome 10 the shortest 
member of the haploid complement. 
The centromeres of non-homologous 
chromosomes are often observed paired 
or stuck together at pachynema (see 
Figure 2) although they become free at 
late diplonema. Likewise the hetero- 
chromatic knobs on different chromo- 
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DIAKINESIS METAPHASE I 


EARLY STAGES OF MEIOSIS 


Figure 3 


The earliest stages of the meiotic cycle, leptonema and zygonema, are not illustrated because 
good photographs of them have not been made. At pachynema the paired chromosomes are 
more contracted than during earlier stages. The homologous chromosomes are paired. The ten 
chromosome-pairs shown here are identified in the drawing on the opposite page. 
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ANAPHASEI 
(CHROMOSOMES SOMEWHAT DESPIRALIZED) 


TELOPHASE I 


END OF FIRST MEIOTIC DIVISION 
Figure 4 


. 


The separation of the homologous chromosomes (each comprised of two chromatids) occurs 
at anaphase I. A cell plate arises at telophase I between the two daughter nuclei. See text for 


details. 
pr 

somes have a striking tendency to unite nema each are divided into two chroma- pr 
at pachynema. Presumably both the pair- _ tids, except for the centromere region of of 
ing of centromeres and knobs is due to each homologue, which remains undivid- m: 
the non-specificity of these regions—i.e. ed until metaphase II. The pachytene be 
the centromere regions of the various pairs now may be designated as tetrads. ist 
chromosomes are of similar composition, The paired homologues are coiled rela- co 
as are the knobs. tionally, but no unequivocal evidence of los 
The singleness of the leptotene thread = major or minor coils has been seen i ha: 
has been questioned, but it is certain my prophase preparations. Nevertheless So 


that the two paired homologues at pachy- the contraction in length, which is first ma 
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METAPHASE 


SECOND DIVISION 


Figure 5 


The long X-shaped dyads (two chromatids united by a common centromere) gradually con- 
dense until they become compact structures at Metaphase II. Orientation on the spindle then 
occurs, followed by centromere division and the separation of the two chromatids to opposite 


poles. 


evidenced at pachynema and continues 
progressively throughout the meiotic 
prophase, is most likely due to a coiling 
of the chromatin threads or chromone- 
mata since coiling of chromonemata has 
been observed in many diverse organ- 
isms. However, the possibility that some 
contraction may result from an actual 
loss of material from the chromosome 
has never been adequately explored. 
Some observations suggest that such 
may be the case. 


Diplonema is characterized by a two- 
by-two opening out of the paired homo- 
logues to form loops and nodes. Most of 
the nodes represent chiasmata—i.e. an 
exchange of pairing partners—but it is 
not usually possible to follow the course 
of all four chromatids along the length 
of the chromonemata and it is possible 
that some of the nodes are due to a twist- 
ing of the paired homologues. The ho- 
mologous centromere regions are usual- 
ly associated at early diplotene but are 


i 
| PROPHASE II 
“urs 
for 
na- 
1 of 
ene 
ads. 
ela- 
> of 
in 
less 
first 


asoy} JO UOTBIO] JO UL aie sdeuI JO O19zZ Aq aie aUIOS YIN 
useq sey uoNed0] deur asoym “939 Aq patssed aie dnosis ur sousd 


9 
AZIVW AO dVW ADVANIT 


oi 
's6 621 
821 
121 
Si 
—+— COI ‘uo ZO! 
| 
9qz 08 'y —+— 08 
6A—F— 62 
‘ou —+— SL bl SZ 
—— 
ug —+— 09 v9 99 
xm 66 s—t-os wy 6S 
us —}— $1 —— 95 
Toe 
2b 48 Sv %s;_1 
bb + ob 'sk Op by Ov 


o 

© 

oO 

| 
| 


Rhoades: Meiosis in Maize 65 


MAIZE CHROMOSOME ATLAS 


Figure 7 


' Diagram showing relative lengths of maize 
chromosomes, location of knobs and centromeres 
(after Longley). The knobs (solid circles) are 
. shown in their characteristic locations. Some 
) strains of maize have chromosomes lacking in 
: knobs while other strains have many knobs. The 
; centromeres are represented by clear circles. To 
aid in the identification of the different chromo- 
somes, the following comments call attention to n 
important landmarks. 


CHROMOSOME 1 
Longest of complement. Knob or enlarged chro- 2 
momere near end of short arm, and an enlarged nm 
chromomere at end of short arm. Average length 
at mid-pachytene is 82.40 micra. Ratio of long 
arm to short arm is 1.3:1.0. 


CHROMOSOME 2 

Sometimes difficult to distinguish from No. 5 
but differs from the latter in ratio of arm 
lengths. The knob in long arm of No. 2 is 
further from the end than is the knob in long 
arm of No. 5. The regions adjacent to the cen- 
tromere of No. 2 are more pycnotic than is the 
ease in No. 5. Length is 66.50 micra at pachy- 
tene. Ratio of long:short arm is 1.25:1.0. 


CHROMOSOME 3 
Ratio of arms 2:1. Knob in long arm lies M 

approximately in middle of arm. Some strains 

have a knob near the end of short arm. Length 

at pachytene is 62.00 micra. Ratio of long:short 

arm is 2.0:1.0. | 


CHROMOSOME 4 
Knob or enlarged chromomere near end of ; 


short arm. Differentiated from No. 3 by ratio 
of arm lengths. Pachytene length is 58.78 micra. 
Arm ratio is 1.6:1.0. 


CHROMOSOME 5 
Arms of almost equal length. Knob in longer 
t arm. Pachytene length is 59.82 micra. Arm 


ds of the maps are im Wie 


ratio is 1.1:1.0. i 
Attached to nucleolus by deep-staining nucleo- 
lar organizing region. Length at pachytene 
48.73 micra. Arm ratio is 7.1:1.0. 
9 
5 CHROMOSOME 7 
N Region of long arm adjacent to centromere is z 
found with a knob at end of short arm. Length - 
is 46.78 micra. Arm ratio is 2.8:1.0. | 2 3 4 ) 6 7 8 9 10 
CHROMOSOME 8 
He Marked disparity in arm lengths. Regions on Length is 43.24 micra. Arm ratio is 1.8:1.0. 
Ey both sides of centromere are pycnotic. Length is 
5 8 47.48 micra. Arm ratio is 3.2:1.0. CHROMOSOME 10 
i Shortest of complement. Short arm has distinctive 
Ee ; CHROMOSOME 9 chromomere pattern with deep-staining chromomeres 
: Terminal knob at end of short arm. Pyenotic next to centromere and small tapering chromomeres 
‘32 region occupying proximal third of short arm. at end. Length is 36.93 micra. Arm ratio is 2.8:1.0. 
aoa distinguishable from nodes by their dif- ing diplonema (a process known as ter- 
fet ferential staining. (The absence of the minalization), diakinesis and metaphase 
he nucleolus in the diplotene photograph is I find some bivalents with interstitial 
£7: due to the fact that this structure does chiasmata, although most of the chias- 
gs? not stain with orcein.) Most geneticists mata are near the ends. This concentra- 
5 SY believe that each chiasma represents a tion of chiasmata towards the ends may 
2% genetical crossover and the diagrams be caused in part by terminalization but 
= 55 have been drawn in accordance with this is probably related to the more frequent 
si concept. Since there is little movement occurrence of crossing over in distal re- 
$4 of chiasmata towards the free ends dur- gions. 
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NORMAL 10 © 


NORMAL 8 o- 
INTERCHANGED 108 —o- 
INTERCHANGED -——-—o~ 


CHROMOSOME INTERCHANGE 
Figure 8 


Photomicrograph and camera lucida drawing of a heterozygous translocation involving 
chromosomes 8 and 10. The two normal and the two interchanged chromosomes are diagrammed 


to the right of the photomicrograph. 


At the close of diakinesis the nucleolus 
disappears as its substance enters the 
chromosomes and contributes to the 
matrix of the deeply staining metaphase 
chromosomes. The nuclear membrane 
breaks down, the spindle is formed and 
the tetrads are oriented on it with the 
two homologous centromeres of each 
tetrad lying on opposite sides of the 
equatorial plate. The half spindle fibers 
elaborated by the centromere at meta- 
phase I are concerned with the poleward 
movement of the chromosomes. The ap- 
pearance of the tetrads at metaphase I 
is determined by the number and posi- 
tion of chiasmata in the two arms. 

The separation of the tetrad into its 
two pairs of chromatids (dyads) begins 
with the anaphase movement. As the 
centric region leads the way to the poles, 
the chiasmata which were present at 


metaphase are unraveled; the four arms 
of each dyad are passively pulled along 
to the pole. Dyads at anaphase I appear 
as double V’s if the centromere is near 
the middle while one with a more ter- 
minally placed centromere resembles a 
double J. In either case the apices of 
the V’s and J’s are conjoined at the un- 
divided centromere. The four arms of a 
dyad do not lie closely appressed during 
the poleward journey but diverge as if 
they were mutually repelling each other. 
The first division is reductional for the 
centromere regions, and for those re- 
gions in each arm between the centro- 
mere and the first chiasma. Regions dis- 


tal to the first chiasma undergo an equa-. 


tional first division. 
In mid-anaphase the matrix material 

which invests the chromonemata swells 

to form a light staining region in which 
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the deeper staining chromatin is visible. 
By telophase the four arms of a dyad are 
much contracted ; in many cells each arm 
is a spherical mass of chromatin. The 
matrical material from the various dy- 
ads coalesces as they form a compact 
group at the pole. The chromonemata 
elongate (uncoil) during interphase. A 
typical metabolic nucleus is not formed, 
although the anastomosing of the matrix 
material results in considerable disper- 
sion of the chromonemata. The cell 
plate, arising at telophase, divides the 
mother cell into two daughter cells, each 
with ten dyads. 

At early prophase II the long X- 
shaped dyads are each embedded in the 
confluent light-staining matrical materi- 
al. In later prophase stages the chromo- 
some arms become progressively shorter 
and a reduction in the amount of visible 
matrix material occurs. The dyads be- 
come increasingly deeper stained as the 
matrical substance becomes incorporated 
into the chromosomes. By metaphase II 
no matrix material is visible, the dyads 
are compact X-shaped structures which 
resemble those found at telophase I save 
that in the latter the matrical material 
loosely invests the chromatin. The open 
nature of the X-shaped dyads indicates 
a strong repulsion between homologous 
arms. 

Prior to metaphase II the nuclear 
membrane disappears. A spindle devel- 
ops on which the dyads become oriented 
with the still undivided centromeres ly- 
ing in the equatorial plate. The centro- 
mere of each dyad now becomes func- 
tionally double, spindle fibers are formed 
by each of the two chromatids and a 
poleward migration commences. 

The anaphase IT chromosomes are sin- 


gle V’s or J’s as contrasted with the dou- 
ble V’s and J’s of anaphase I. At ana- 
phase II the matrical material about each 
chromosome begins to swell and at telo- 
phase II the chromosomes at each pole 
are joined by this anastomosing materi- 
al. A cell plate is formed between the 
daughter nuclei, and the second meiotic 
division is now completed. Each of the 
four chromatids comprising the pachy- 
tene tetrad has been distributed to one 
of the four haploid cells formed as a 
consequence of the two meiotic divisions. 

The above account describes the course 
of microsporogenesis in maize. Mega- 
sporogenesis has received relatively lit- 
tle study but no difference in the behav- 
ior of the chromosomes has been no- 
ticed. One notable difference between 
the formation of pollen and ovules is 
that the former process produces four 
spores all of which are functional, while 
megasporogenesis gives rise to only one 
functional spore. 

The diagram of the relative lengths 
and diagnostic characteristics of the ten 
chromosomes, together with the linkage 
maps, may be of value to those who plan 
to study the cytogenetics of maize. 

In order to preserve some continuity 
to the above account of meiosis, I have 
refrained from citing published work in 
which meiotic phenomena have been de- 
scribed. I have drawn rather heavily 
upon certain publications of my col- 
leagues — namely those of Longley, 
Burnham, Randolph, Beadle, Anderson, 
and others, but above all on those by 
McClintock. It would, however, be un- 
fair to hold them responsible for any 
mis-statements which may have been 
made. 


A NEW TREATMENT OF GENETICS 


the authors in their preface, “the 
first attempt to represent the whole 


Tie Elements of Genetics* is, say 


scope of genetics, the whole of what has 
always been needed.” Drs. Darlington 
and Mather have focused their attention 


*Darlington, C. D. and Mather, K., The Elements of Genetics. 1949. London: Allen and 
Unwin. New York: MacMillan, pp. 446, 88 figures, 31 tables $3.75. 
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successively on three major levels. Part 
I, Individuals, considers the main body 
of classical genetics, Mendelism, chromo- 
some behavior, continuous variations and 
the consequences of changes in the gene- 
tic systems. Part II, Cells, is essentially 
an attempt to relate the genetic systems 
of the nucleus to the general cellular en- 
vironment and to establish order among 
the various non-nuclear genetic elements. 
In Part IIT, Populations, the facts, con- 
cepts and conjectures derived from 
study of smaller units are applied at the 
level of the population. Both authors 
have clearly made contributions to all 
three sections, but these contributions 
differ so radically in approach, in con- 
tent, in style, and particularly in meth- 
odology there is generally no difficulty in 
distinguishing them. It is proposed to 
review them separately. 

Readers will remember the many vio- 
lent attacks to which Dr. Darlington’s 
Recent Advances in Cytology and other 
works were subjected. To avoid a rep- 
etition, this author has prefaced the pres- 
ent volume with a most disarming pref- 
ace, in which warning is given that 
Dangerous Speculations must be ex- 
pected. 

Now the reviewers, doubting whether 

scientific speculations are ever danger- 
ous, turned to the book with high expec- 
tations. In physics, for instance, long 
range speculation is a perfectly honor- 
able method, and has, as everyone knows, 
given remarkable results. Only there is 
a rule in this game: The other fellow 
must know when you are speculating 
and when you are giving facts. Thus 
Niels Bohr brillantly speculated that the 
angular momentum of electrons in their 
orbits can only take exact values which 
are simple multiples of h/2x. Calcula- 
tion then shows that the hypothetical 
permitted frequencies are in fact exactly 
the measured wave-lengths of the hydro- 
gen spectrum. Data and hypothesis are 
confronted, they are not confounded. 
The importance of proceeding in this 
way is particularly apparent in this case, 
where the next important step forward 
came from considering cases which do 


not fit the rule, and the rule itself then 
proved to be but a partial truth. 

We carefully searched through Dr, 
Darlington’s sections for such genuine 
hypotheses, but in vain. They may be 
there, but if so they cannot be found, so 
inextricably are they mixed with facts, 
with near-facts, with observations both 
published and unpublished and with 
mere obscurities and extravagancies of 
literary style. The situation is made 
worse by the logic used, which is of a 
kind more proper to the law court than 
to science, rigor and precision being sac- 
rificed to the one purpose of proving Dr. 
Darlington right. Belling once proposed 
that Darlington distinguish his conjec- 
tural propositions by a (C) placed hard 
by. In the present volume it might have 
been more economical to distinguish the 
unarguable facts and observations by 
(F). 
Cytology has special difficulties of its 
own, unique in degree if not in kind. 
Its very observations are heavily loaded 
with the observer’s bias, and _ infinite 
precautions are in order. Darlington’s 
reaction to this situation has always been 
superficially one of poised assurance, 
fundamentally one of despair. Why try 
to be objective if it’s so hard?. . . But 
genetics can surely claim an objectivity 
rare in biology and here such an outlook 
is worse than inexcusable. To return to 
our analogy, spectroscopists have some 
right to say they can predict H_ wave- 
lengths, but they do not on this account 
permit themselves liberties in measuring 
wavelengths or in tabulating spectral 
lines. 

Let us turn to some examples, and let 
it be clear they are not exceptional. We 
had the embarrassment of choosing them 
from among a great many. 

A. “Only in abnormal individuals, or under 
abnormal conditions, as from sudden changes 
in temperature, do we find the chromosomes 
breaking up... .” (p. 100). 

B. “Between the two types of hybrid, in 
which structural hybridity is too slight or too 
great to be defined, lie a host of crosses be- 
tween species like those in Lilium or Droso- 
phila in which the chromosomes of the parents 
differ recognizably by inversions, interchanges, 
duplicated fragments, or more complex changes. 


ll 
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Allopolyploids are derived from hybrids of all 
such types and by successive additions appear 
as tetraploids, hexaploids and so on” (p. 139- 
140). 
“In experiments healthy and vigorous poly- 
ploids can readily be produced in Drosophila 
(p. 99). 

“Both these plant hybrids recover fertility 
when the number of their chromosomes is 
doubled; whereas tetraploidy leads to no such 
recovery in male flies” (p. 231). 


C. “The uncoiling of chromosomes at telo- 
phase depends on their throwing off this coat 
of nucleic acid. How do they do this? Evi- 
dently the nucleic acid is depolymerised and 
broken down. At the same time the products 
oi the action of the genes, now uncovered, fill 
the nucleus .. .” (p. 146). 

“Their X and Y chromosomes suffer from a 
nucleic acid surfeit and one which is greater 
at a lower temperature. In consequence of 
the surfeit they fail to pair... . The Y chro- 
mosome, which, as we know, is still more 
largely heterochromatic than the X, is 30 
heavily flooded with nucleic acid that it fails 
to divide at all and is lost” (p. 337). 


Now these are all very remarkable 
statements. In no case are any citations 
of literature given. Left to their own 
devices, the reviewers suspect that 4 
may involve unpublished observations of 
the authors. The reviewers would like 
to know, for one of them has made com- 
prehensive experiments on the produc- 
tion of chromosome breaks by tempera- 
ture shocks, with completely negative 
results. B, we think, is merely bad syn- 
tax; the reader would inevitably con- 
clude, however, that tetraploids and 
even hexaploids can be currently ob- 
tained in Drosophila and there is nothing 
elsewhere in the book to contradict this. 
C we would attribute to somewhat ex- 
cessive embellishment of verbal expres- 
sion. But why should the reader be left 
to make these guesses? It is after all, 
conceivable that Dr. Darlington has dis- 
covered a means of raising polyploids 
other than triploid in Drosophila or that 
he has by some device seen the products 
of gene action fill the nucleus. 

C is, of course, typical of most of Dr. 
Darlington’s writings. Readers were at 
first shocked and pained, but with the 
passage of years their taste was edu- 
cated. Indeed they began to open Dr. 
Darlington’s new publications with antic- 


ipation and were often handsomely re- 
warded. These irreverent amateurs will 
find the present book of interest: They 
will, among many things, read about 
chromosomes in the language of internal 
ballistics, about the “nucleic acid charge” 
and about a centromere which “. . . ex- 
plodes into useless fragments” (p. 104). 


Dr. Mather’s contributions are alto- 
gether more pedestrian and can be re- 
viewed as one would normally review 
a scientific book. These contributions are 
in the fields of elementary statistics, 
quantitative inheritance, populations, 
mating systems, natural selection and to 
some extent speciation and a few other 
topics. 

In chapters 3 and 4 will be found an 
elementary account of the chief statistical 
concepts and of quantitative inheritance. 
These expositions are admirably lucid 
and, despite their brevity, remarkably 
complete. This is no small achievement, 
for in these fields most expositions have 
been notorious for their obscurity. The 
author is not so fortunate when he de- 
parts from the realm of artificial models. 
The experiments he describes are often 
inadequate in scope and lack any serious 
attempt at good statistical control, the 
very subject he so admirably expounds 
elsewhere. This is particularly true of 
the Drosophila experiments, where we 
are sorry to see no mention of the much 
more extensive work of Payne, done 
thirty years ago. 

Most of Dr. Mather’s treatment of 
quantitative inheritance follows strictly 
orthodox lines, and his principal con- 
tribution is a more adequate considera- 
tion of linkage. He does appear to be- 
lieve, however, that the genes involved 
in quantitative inheritance are special 
not only by virtue of their effect, but 
differ in a more intrinsic way from the 
ordinary large effect genes, and even 
goes so far as to postulate that they are 
largely (or entirely) located in hetero- 
chromatin, having some particular rela- 
tion to nucleic acid. It does not seem to 
us that the experiments published to date 
support this view which, on a priori 
grounds, seems implausible. We partic- 
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ularly regret the reintroduction of the 
term “polygene” to emphasize this sup- 
posed intrinsic difference. Much of this 
concept and even the word “polygene” 
have been taken from a rather bad and 
almost forgotten German textbook pub- 
lished in 1913 (Plate, L., Vererbungs- 
lehre, Leipzig). In those days such con- 
fusion was excusable, but it is amusing 
to note that in the same year Johannsen 
attacked the idea with some violence 
and for reasons which are largely valid 
today (Elemente der Exakten Erblich- 
keitslehre, 2nd Ed., Jena). 

It seems clear that yield, height, etc., 
in fact depend on the most diverse 
physiological and developmental proc- 
esses, and are therefore, we believe, de- 
termined by the most intrinsically di- 
verse genes—genes which have just this 
in common, that they happen to affect 
height, yield, etc. It is best therefore, to 
speak simply of quantitative inheritance 
and of height or yield determining genes, 
as has been done for the last forty years. 
If there is need for a special adjective, 
the word multifactorial should be used. 
While it may lack phonetic elegance, it 
is not loaded with undesirable implica- 
tions. Geneticists have learned to live 
with much worse phonetic monsters. 

The description and discussion of mat- 
ing systems is in general very clear and 
complete. It is curious to read (p. 260) 
“Outbreeding, so far as we know, never 
supervenes on inbreeding,” for there 
would seem reasonable grounds to sup- 
pose that this step happened in the evolu- 
tion of fungi, for example. On page 247 
will be found an ingenious graph which 
clearly summarizes the genetic properties 
of various incompatability systems in 
fungi, and places their comparison on an 
orderly basis. 

The discussion of those initial diver- 
gencies in populations which lead to spe- 
ciation is remarkable for its complete 
omission of any mention of genic drift, 
the so-called Sewall Wright effect and 


the properties of small populations. In- | 


stead, discontinuities not due to simple 


mendelian segregation but to other chro- 
mosomal effects are emphasized, such as 
inversion, translocations and the break- 
down and recombination of linked com- 
plexes. It is perhaps a good thing that 
attention should be drawn to their wide- 
spread importance. 

In so far as the body of classical gene- 
tics and cytology is concerned, the book 
contains few, if any, new facts or con- 
cepts. Nor does it contain an adequate 
selection of the old ones. It would seem, 
for example, that since such forms as 
the coccids (and Luzula, among plants) 
do not fit Dr. Darlington’s beautiful 
schemes, these organisms had been rele- 
gated to the outer limbo of forgotten 
things. At least, no mention of them is 
made. Upon reading the section devoted 
to the relationships between the genetic 
determinants and the cellular environ- 
ment, the reviewers were afflicted with 
qualms and misgivings, amounting at 
times to nausea. The urge to explain all 
phenomena in terms of nucleic acid, a 
tendency which permeates this region 
of the book, is probably a result of the 
somewhat mystical properties with which 
some geneticists have endowed the sub- 
stance. Luckily, Dr. Darlington is suffi- 
ciently vague on these topics to escape 
being formally incorrect. 

It is a heavy responsibility to say that 
a given book is harmful: that the sum of 
good in it is outweighed by the evil. 
How can one ever know? Of the pres- 
ent volume we will only say this: That it 
will give a distorted picture of genetics 
to other scientists who might happen to 
seek information therein, and a disas- 
trous misrepresentation of the logical 
standards of other geneticists. A teacher 
who might wish to give this book to his 
students will have to prepare for them 
a list of errors, exaggerations and, shall 
we say, non-facts, a list having not far 
from one entry for each page of the 
book. 

A. C. 
J. R. SINGLETON 
University of Missouri 
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FOUR-POINT LINKAGE AS A GENETICS 
CLASS EXERCISE 


P. W. WHITING 
University of Pennsylvania, Philadelphia, Pa. 


standing of cytogenetics is the prin- 

ciple that genes are arranged in 
linear order on the linkage map. A three- 
point test illustrates this but a four-point 
test is more convincing, because in the 
former it might just happen that the 
three points were in line instead of at 
the angles of a triangle. Moreover, with 
four points one can have triple cross- 
overs which must be added to the dou- 
bles in calculating coincidence and, along 
with the proper doubles, to the three sin- 
gles in obtaining the three map distances. 
Four points involve these principles so 
that it is then easy for the student to go 
on to five and six points, while three- 
point work is inadequate. These facts 
stimulate the imagination of the better 
students and lay the foundation for an 
understanding of chromosomal irregu- 
larities. 

Recently the writer has been develop- 
ing the four-point idea in his classes in 
genetics . Working through a four-point 
test in an hour examination has become 
a sine qua non for passing the beginning 
course. The student is given the fre- 
quencies of the sixteen genotypes ob- 
tained from the test cross (or more usu- 
ally the numbers of the sixteen types of 
males obtained parthenogenetically from 
the tetraheterozygous virgin females of 
Habrobracon). He is told from which 
of the two parents each mutant gene is 
derived, but he knows nothing of the 
arrangement of the genes along the map. 
Routine steps which must be memorized 
are outlined on mimeographed forms 
supplied to the class because the subject 
1s inadequately treated in the textbooks. 
These steps are discussed in the lectures 
and serve to avoid loss of time and hit- 
or-miss guessing in making up the map. 

Those taking the laboratory work are 
supplied with two stocks of Habrobra- 
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con from one of which they must breed 
and isolate virgin females to be crossed 
with males bearing the other traits. Fe- 
male-sterile traits or combinations diffi- 
cult to run homozygously are introduced 
on the male side from sons of heterozy- 
gous mothers. The F, tetraheterozygous 
females are then reared and isolated as 
virgins. Each student is required to 
breed at least five hundred Fy» haploid 
males and to classify and separate them 
into sixteen vials of alcohol each of 
which should contain wasps of a single 
genotype. These vials are passed in with 
the written report at the completion of 
the semester's work (two semester cred- 
its). 

All the students do the same experi- 
ment in any one semester, so that it is 
necessary to have only two stocks devel- 
oped for distribution. Instruction is giv- 
en in technique of rearing, isolating vir- 
gins, etc., at the beginning and the stu- 
dents are permitted to put in as much 
time as they find convenient. Some may 
then finish three or four weeks before 
the semester’s end. 

There is relatively little of the instruc- 
tor’s time required after the preliminary 
information is given and before the re- 
ports and specimens are turned in at the 
end. It is up to each student to do the 
work and the dishonest student has no 
chance of faking the counts since the 
specimens must be produced properly 
classified. Some students have “green 
fingers” and get good numbers easily. 
Others have the “lethal touch” and must 
compensate by hard work. One girl, at 
first in the latter category, put in end- 
less hours with no tangible results dur- 
ing the first half of the semester. Then 
she acquired the tricks and finished with 
greater numbers than anyone else in the 
class, an A+ grade and a high enthusi- 
asm to take further work in genetics. 
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It costs the instructor about one and 
one-half hours of time at the end to check 
the report and specimens of each stu- 
dent. The report is first checked with 
the aid of a Munroe calculator. Then 
each vial of specimens is poured into a 
Petri dish and the wasps examined and 
counted. Correction is made on the re- 
port. From the corrected reports the 
laboratory grades are then made up. All 
are on the same basis since all do the 
same experiment, classifying the same 
traits. It frequently happens that the 
written report would rate an A grade, 
but that errors are shown when the 
specimens themselves are compared, thus 
lowering the grade. 

The wasps from any one experiment 
are kept in a single vial and are used as 
laboratory material in short courses 
which do not allow time for breeding 
specimens. A little glycerine is added to 
the alcohol to prevent drying and the 
wasps are placed on a glass plate, 
brushed out into a row and separated 
into classes under a binocular. Most of 
the traits are as easily recognized as in 
the fresh material and the same collec- 
tion may be used repeatedly. 


A Four Point Cross 


Four traits recently tested have been 
stubby antennae, sb; black body color, 
bl; lemon body color, /e; and cantaloup 
eye color, c. The two body color differ- 
ences illustrate factor interaction and 
the four possible genotypes may be rec- 
ognized without difficulty. Wild type is 
honey yellow with black markings ; lem- 
on is bright lemon yellow with restricted 
black markings; black has black mark- 
ings much extended and the limited yel- 
low areas reduced to buffy; black lemon 
differs from lemon in being greenish yel- 
low with sooty suffusion. 

There are sixteen different ways in 
which four mutant genes may be intro- 
duced into a cross (the coefficients of 
the fourth power of the binomial, 1:4:6: 
4:1) but since half of these are recipro- 
cals of the others there are only eight 
different types of tetraheterozygous F, 
females. (Figure 9) Mutant genes de- 
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rived from the mother (P; 2 ) may then 
be none, one combination ; one, four com- 
binations ; two, six combinations ; three, 
four combinations; four, one combina- 
tion. The binomial theorem may similarly 
be applied to five-, six-, etc. point 
crosses. 


Sixteen Possible Types of Chro- 
matids from Tetraheterozygous 
Females 


There are sixteen possible types of 
eggs laid by females heterozygous for 
four linked genes. Each type, contain- 
ing its characteristic chromatid, develops 
parthenogenetically into an azygote, a 
haploid male, phenotypically distinguish- 
able from the others (Figure 10). 

The numbers of types of males carry- 
ing increasing numbers of recessive 
genes correspond to the coefficients of 
the fourth power of the binomial, 
(a + b)*: 1 carrying no recessive; 4 
types with one; 6 types with two; 4 
types with three; and 1 type with four 
(Figure 9). 

There are three crossover regions. The 
numbers of types of crossing over, there- 
fore, correspond to the coefficients of the 
third power of the binomial, (a + b)*:1 
straight or non-crossover ; 3 singles; 3 
doubles ; 1 quadruple. Each of the eight 
types of crossing over produces two of 
the sixteen possible types of chromatids. 
However, because crossing over occurs 
in the four-strand stage and may involve 
more than two chromatids, alternative 
types of chromatids are not always 
formed in a given tetrad. Moreover, 
only one strand is recovered, retained in 
the egg after meiosis. The diagram (Fig- 
ure 10) expresses what is to be ex- 
pected on the average and is adequate 
for the present purpose. It would not be 
adequate for tetrad analysis work as in 
Neurospora. 

In tables 1-5 the symbols for the wild 
type alleles are not expressed but these 
wild type alleles are of course understood 
to be present in the absence of the mu- 
tant factors sb bl le c. The members of 
each pair of alternative chromatid types 
are placed on the same line in the two 
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PARENTAL TYPES PARENTAL GAMETES F, FEMALE 
Quadruple dominant quadruple recessive 
ad Q Oo” 
Triple recessives single recessives 
BCD Abed Abed BCD 
abcd AbcD Ab ¢ 
abCd ABcD AB D 
abeD ABCd 
x 
ABCd abeD abeD 4 ABCd 
Double recessives ~ double recessives 
ABed abCD 
x abCD ABcd ABed + abCD 
AbcD aBCd 
AbCd aBcD 


EIGHT TYPES OF TETRAHETEROZYGOUS F, FEMALES 
Figure 9 


In a cross involving four pairs of genes ( 


sixteen different crosses of homozygous P, types. 


linked or independently inherited), there are 
(In wasps the males are haploid, but the 


same reasoning applies to diploid males). These eight direct and eight reciprocal crosses 
produce eight different types of tetraheterozygous F, females. 


different columns. The reader may sub- 
stitute these mutant gene symbols, 
sb bl le c, for a b ¢ d respectively, using 
either + +++ or Sb BI Le C for the 
dominant alleles. Figure 11 shows how 
in each cross a particular phenotype 
represents a different type of crossing 
over. 

A total of 6,148 F. males were classi- 
fied from wild type females crossed with 
sb bl le c males (Table 1) ; of 10,042 from 
sb females by bl le c males (Table II) ; 
of 3, 362 from Je females by sb bl c males 
(Table III) and of 4,670 from c females 
by sb bl le males (Table IV). The re- 
maining experiment with one factor 
from the mother, namely b/ females by 
sb le c¢ males, has not yet been carried 
out. Clark? (p. 63) counted 6,571 Fe 


males from b/ c females by sb le males 
(Table V). Two more of the six possi- 
ble combinations of the two genes from 
the mother may be tested in the future. 
The others are reciprocals. 


Working Out the Problem 


Steps taken by the students in a quizz prob- 
lem may be illustrated from the data of Table 
IV. A laboratory report based on their own 
experiments: follows the same system. The 
students.are told that the mother is cantaloup 
and that the father is black, lemon, stubby (for 
example), so that no hint is given of the ar- 
rangement of the genes on the map. Frequen- 
cies of the sixteen classes of F: males are 
given and also their grand total, 4,670, so that 
the students may have a check and save time 
in arithmetic. The students must list the al- 
ternative pairs of genotypes in two columns 
with their frequencies headed by the pair of 
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Parental gametes: ABCD abcd. F. females: 
Types of crossing over Resulting chromatids 
(or genotypes of F. males) 
Straights or non-crossovers 


Resions 1. 2 doubles 
3555500000000 

Regions 1, 3 doubles 
1900000; 

Regions 2. 3 doubles 

200000000 


SIXTEEN DIFFERENT F. MALE GENOTYPES 
Figure 10 
F, females tetraheterozygous for four linked genes produce sixteen different combinations of 
dominant and recessive alleles in their gametes. These correspond to sixteen distinct phenotypes . 
of haploid males. The cross shown here represents the F, of the quadruple dominant by the 
quadruple recessive. Other P: combinations give the same sixteen F2 male types, but the classi- 
fication as crossover types is different. Only two of the four chromatids are shown. See page 72. 


straight* classes. The others are set down in be expected sixteen types of eggs,—one pair 


general in descending order of frequency. Thus 
the triples are likely to be at the bottom of 
the column and there is a fair chance that the 
singles may precede the doubles. From moth- 


of straights, three pairs of singles, three of 
doubles and one of triples. From pentahetero- 
zygous mothers there would be _ thirty-two 
types of eggs,—one pair of straights, four of 
singles, six of doubles, four of triples, and 


ers heterozygous for four genes there are to 


*In an exceedingly clear and concise article Bridges! has discussed the terms crossing-over, 
map distance and recombination. These words are frequently confused in the textbooks which 
often use crossovers as synonymous with recombinations, thus bewildering the students. No con- 
venient terms have come into general use in the research literature to designate non-crossing- 
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Region | singles in Table | 


Straights’ in Table II. 


Triples 10 Table 


Regions |. 3 doubles in Table IV 


2 


CIRCUMSTANCES ALTER CASES 
j Figure 11 


Any given pair of alternative chromatid types occurs in each of the Tables, (I-V), but in 
each table it represents a different type of crossing over. Thus in terms of an initial cross of 
sb and bl le c (or sh +++ X + Dl le c) the ten different combinations of sb, bl, le and c 
represent a different kind of crossing over in each table, as is shown above. The alternative 
pairs of chromatids are readily derived from the F; maternal formula by indicating crossing 
over by X in the required regions (1, 2, or 3). 


one of quadruples. The coefficients of the bi- 
nomial expansion thus indicate the numbers of 
combinations possible in multiple crossing 
over. 

In the example under consideration (Table 
IV) the alternatives carrying b/ are in all 
cases lower, presumably because of lower via- 
bility. These are listed and totalled in the 
second column of alternative genotype frequen- 
cies. The order of genes on the map is deter- 
mined from the totals of each pair of alterna- 
tives which are listed in column 2. These to- 
tals are set down in six columns (Table VII), 
each column including the four groups of re- 
combinations between two allelic pairs. Each 
of the six columns of recombinations is head- 
ed by the two mutant symbols separated from 
each other by “&” if they are together in the 
parental formula or written together, opposite 
“4”, if they are separated in the parental 
formula. Thus in listing the frequencies to be 
included as recombinations between any two 
pairs, it is necessary only to run through the 
genotypes representing a member of each pair 
(Table IV, Column 3) and to record the total 
frequency for that pair (Column 2). 

The totals of the recombinations for each 
two pairs form the basis for making up the 
linkage map (Figure 12). Three of the gene 
pairs may be placed at the angles of a trian- 


gle with numbers of recombinations indicating 
lengths of the sides. Of any three pairs, the 
two having the greatest number of recombina- 
tions are farthest apart on the map, except 
that as this number approaches half the grand 
total of counts (50 percent recombinations) a 
limit is reached so that chance fluctuation or 
viability differences may happen to show 
slightly more recombinations between genes 
closer together. In data of Table IV there are 
2,290 recombinations between sb and c and 
2,281 between sb and /e among 4,670 grand to- 
tal. This happens to check with the true ar- 
rangement but such a slight difference is un- 
reliable as a guide. In data from +/sb bl le 


bl I 
TABLE I. Sons of unmated females 
Cross- 
over 
regions Totals 4/+ él bl 
2137 + 1514 sbbllec 623 29.2 Crossover 
units 
4529 2% 936 dllec 593 38.8 38.1 
2 1145 lec 693 sbdl 452 39.5 30.5 
3 346 234 sh blle 112 32.4 14.2 
Coincidence 
1,2 467 shlec245 bl 222 «47.5 77.3 
1,3 260 she 149 dlle 1110 42.7 104.1 
2,3 179 le 118 shdle 61 34.1 99.4 
1.2.3 85 shle 48 dle 
Totals 6148 3937 2211 36.0 


overs or non-recombinations, words which suffer the double disadvantage of being both cumber- 
some and negative. Both “parentals” and “originals” have obvious disadvantages. The writer 

for many years employed the word straights in this connection. Since it is intended merely 
to designate combinations of certain genes that were in the egg and in the sperms giving rise to 
the heterozygote regardless of linkage relationships, a single term appears to be adequate. It 
1s used logically as the antonym to recombinations, but in a linkage experiment the non-cross- 
Overs are straights for all the genes concerned. 
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c (Table I) there are 3,113 recombinations be- 
tween sb and le and only 3,105 between sb and 
c among 6,148 grand total. In data from b/ 
c/sb le (Table V) there are 3,235 between sb 
and /e and only 3,211 between sb and c among 
6,571 grand total. Construction of the map 
must be based upon the lower frequencies of 
recombination, if more than one of the fre- 
quencies approximates 50 percent of the grand 
total. 

After the order of genes has been deter- 
mined and the map constructed, the crossover 
regions for the different alternative pairs of 
genotypes may be set down (Table IV, Col- 
umn 1 


Coincidence 


For calculating the three ratios of coinci- 
dence the triples must be added to each of the 
three types of doubles. Thus the total 1,2 
crossovers are 377; the 1,3 are 223; and the 
2,3 are 159. Each of these divided by the grand 
total gives the ratio of actual two-region cross- 
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TABLE II. Sons of unmated females 
Cross- 
over 
regions Totals % bl 
3346 sh 2149 dbllec 1197 35.8 Crossover 
units 
1 2058 + 1416 shbllec 642 31.2 35.0 
2 1932 shlec1003 dl 929 48.1 33.5 
3 840 she S08 dlle 332 39.6 18.8 
Coincidence 
1,2 817 lec $23 sbdbl 294 36.0 85. 
1,3 436 297 sh blle 139 32.0 95.1 
2,3 423 shle 219 dle 204 48.2 97.0 
1,2,3 190 Te 127.) sh ble 63 33.2 
Tot'ls 10042 6242 3800 38.0 
le 
TABLE IIT. Sons of unmated females +—+ = 
sb bl + 
Cross- 
over 
regions Totals 4/+ % bl 
1370 le 773) shble $97 43.6 Crossover 
units 
1 866 shle 459 ble 407 47.0 35.8 
2 602 407) sh blle 195 32.4 27.2 
3 130 lec 70) sh bl 60 46.2 8.7 
Coincidence 
1,2 233 she 142 dlle 91 39.1 78.2 
1.3 83 shlec 45 bl 38 «45.8 101.6 
2,3 + sh bl lec 12 28.8 98.7 
1,2,3 sh 186 dbllec 8 34.8 
Totals 3362 1954 1408 41.9 
TABLE IV. Sons of unmated females +++ _¢ 
sb bl le + 


Cross- 
over 
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overs. The corresponding expected two-region 
crossovers may be obtained from the product 
of the ratios of the total crossovers in each of 
the two regions to the grand total. It is not 
necessary, however, to calculate any of these 
ratios of actual or expected crossovers in or- 
der to obtain the ratios of coincidence. The 
actual numbers may be set down as in Table 
VIII for data of Table IV, from which it may 
be seen that the ratios of coincidence may be 
most easily obtained by multiplying the total 
simultaneous crossovers for the two regions by 
the grand total and dividing by the product of 
the total crossovers in each of the two regions, 
In Tables I-VI the percentages of total recom- 
bination in each of the three regions are given 
in the last column in the rows for the singles, 
These percentages may tentatively be called 
crossover units although it is recognized that 
the distances are great enough to include some 
doubles. Hence the numbers of true crossover 
units should be somewhat greater than those 
given. Percentages of coincidence are given in 
the rows for the doubles. 

If it is desired to test the significance of a 
deviation from unity in the ratio of coinci- 
dence, a two-by-two table may be set up and 
the x2 test applied. Table IX shows this for 
the 1,2 coincidence ratio of Table IV. Since 
region 3 crossovers are disregarded, the 238 
region 3 singles are added to the 1,774 straights 
to obtain the total 2,012 observed straights for 
regions 1 and 2 (1 s, 2 s); the 172 regions 
1, 3 doubles to the 1,168 region 1 singles to 
obtain the total 1,340 observed region 1 recom- 
binations, region 2 straights (1 r, 2 s); the 
108 regions 2,3 doubles to the 833 region 2 
singles to obtain the total 941 observed 1 s, 
2 r; and the 51 triples to the 326 regions 1,2 
doubles to obtain the total 377 observed 1 r, 


TABLE V. Sons of unmated 
sh + le + 
Cross- 
over 
regions Totals4/+ - % bl 
2468 shle 961 dlc 1507 61.1 Crossover 
units 
1 1904 le 1009) shble 895 47.0 41.7 
2 1014 she 493 blle 51.4 26.8 
3 236) 90 bl 146 61.9 93 
Coincidence 
1,2 $575 . 345 sbblle 230 «40.0 86.1 
1,3 202 lec 104 shbl 98 48.5 101.9 
2.3 115 $$ dbllec 60 52.2 105.2 
1,2,3 57 + 43 shbllec 14 24.6 
Totals 6571 3100 3471 52.8 


(from Clark 1943, P. 62.) 
TABLE VI. Totals from Tables I - V. 


regions Totals 4/+ —— Crossover Averages of Total | Based on frequencies 
1774 1382 sb blle 392 22.10 Crossover regions percentages frequencies Percentages 
units 36.87 11095 36.03 Crossover 
1 1168 she 678 bile 490 41.95 36.8 units 
833 le 618 shble 218 25.81 28.2 1 25.02 7525 24.44 37.35 
3-238 4+ ~sbbllec «18.91 12.2 2 17.81 5526 17.95 29.97 
Coincidence 3 5.30 1790 5.81 13.73 
1,2 326 sble 185 ble 141 ‘ 77.8 Coincidence 
1,3 172 5b 107 bllec 65 37.79 106.6 1,2 7.68 2418 7.89 81.91 
108 lec 77 sb bl 31 28.70 99.0 1,3 3.56 1153 3.74 98.69 
2,3 2.56 880 2.86 101.45 
1,2,3 $1 shlec 27 bl 24 «47.06 123 1.18 406 1.32 
Totals 4670 3267 1403 30.04 Grand total 30793 


Whiting: Four-Point Linkage 77 


+ 4 
sb 36.8 bl 


28.2 le 122 + 


THE LINKAGE MAP 
Figure 12 


Figures between the asterisks indicate total recombinations between indicated genes among 
4670, the total sons counted from c/b/ le sb mothers. Tentative crossover or Morgan units are 
given between the symbols for the genes. (Based on the data of Table IV.) 


2 r. Calculated expectation without interfer- 
ence is based on the — — Thus the 
484.58. 


calculated 1 r, 2 r ts 

Expectation for the other three cells may be 
found by subtraction from the marginal totals 
and since there is one degree of freedom the 
deviation will be the same (+ 107.58) for each 
cell, but in the opposite direction for the 1 s, 
2sand1r,2ras for the 17, 2s and1s,2,r. 
x? calculated by the usual formula leaves but 
an infinitesimal chance of agreement with ex- 
pectation or, in other words, crossing over in 
region | certainly interferes with crossing over 
in region 2. 

In Tables I - V the alternative combinations 
containing the mutant gene black are listed to 
the right of those containing its normal allele. 
The percentages of black among each pair of 
alternatives are then given (Column 7). The 
black types are in all cases lower in viability 
than their alternatives except in four of the 
pairs shown in Table V. These are the four 
in which b/ has segregated opposite to sb. In 
order to study relative viability of the alterna- 
tive genotypes, the data of Tables I - V were 
listed and summarized in sixteen groups, each 
group containing five pairs of frequencies of 
similar genotypes, one from each of Tables 
I-V. The lowest viability is shown by sb bl 
le vs. c (1,068/3,733), 28.6 percent, and sb 
bl le c vs. + (1,336/4,545), 29.4 percent, and 
the highest by b/ c vs. sb le (2,296/4,168), 
55.1 percent. The quadruple mutant type 
might be expected to be lowest and in gen- 
eral sb in combination with b/ lowers via- 
bility considerably. However, there is evi- 
dence that factors, other than the four visibles 
presumably linked modifiers of viability, 
Play a part. Thus the high viability of b/ c 
vs. sb le (2,296/4,168), 55.1 percent, is due 
to the fact that this group of frequencies 
includes the large straight pair of Table V 
in which table b/ shows a very high viabil- 
ity in all combinations, except in the combina- 
tion of low frequency in which it is a triple 
crossover, sb bl le c. It may be supposed that 
a “eugenic” selection occurred in Clark’s bl ¢ 
stock from which it was necessary to obtain 


TABLE VII. Frequencies of recombination arrange- 
ments of pairs of mutant genes among sons of un- 
mated females, c/bl le sb. (Based on the data of 
Table IV.) 


cbl&+ cle&+ csb&+ bl&le b1& sb le & sb 


833 238 1168 833 1168 1168 
238 172 833 326 326 833 
326 108 238 108 172 172 
172 51 51 51 51 108 


1569 569 2290 1318 1717 2281 


TABLE VIII. Calculation of coincidence ratios. 
(Based on the data of Table IV.) 


Cross- 
over To- 
regions tals} Regions 1,2 Regions 1,3 Regions 2,3 

. 1774 377 223 159 

1 1168 4670 4670 4670 

2 833 = 

1717 1318 1717 569 1318 569 

3-238 
1,2 326 4670 4670 4670 4670 4670 4670 
172) 377 4670 223 X 4670 159 X 4670 
2,3 108 = = = 
SL 1318 [1717 569 1318 569 
Total 4670 0.778 1.066 0.990 


TABLE IX. Chi*-test of signifi 


of 
gions 1,2 interference. (Based on the data of Table 


ls lr Totals |-107.58° 5.46 
2s o 2012 o 1340 2119.58 
2119.58 1232.42] 3352 
diff. -107.58 | diff. 107.58 107.58° _ 9 39 
o 6941 ° 377 1232.42 
oe Ls 833.42 c 484.58) 1318 107,582 
diff. 107.58 | diff. -107.58 3 = 13.89 
Totals | 2983 1717 4670) 995-42 
-107.58° 
= 23.88 
484.58 
x? =52.62 
le 
TABLE X. Sons of 
bl + 
(from Clark 1943, Tables 2, 12, 13.) 
Cross- 
over 
tegions Totals 4/+-———— 61 ——- % bl 
14151 Je 8107 dle 6044 42.7 Crossover 
units 
1 6326 ¢ 3735 blle 2591 41.0 30.6 
4 2300 lec 1218 Al 1082 47.0 13.6 
Coincidence 
1,2 932 + 579 bllec 353 37.9 94.2 
Totals 23709 13639 10070 42.5 


x? for coincidence = 5.559 P< 0.02 
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females for crossing. Correspondingly if genes 
are introduced from the male side they may be 
linked with “dysgenic” modifiers since the 
fathers are usually segregates from heterozy- 
gous females and the mutant type has not, 
therefore, been subjected to such rigid selec- 
tion. In agreement with this it may be noted 
that sb bl is in all combinations of lower via- 
bility in Table IV than in the other Tables 
(18.9 percent vs. 29.4 percent average for 
sb bl le c vs. +; 28.7 percent vs. 38.9 percent 
average for sb bi vs. le c; 22.1 percent vs. 28.6 
percent for sb bl le vs. c; and 25.8 percent 
vs. 40.9 percent average for sb bl c vs. 
lc). There is no lowering of viability due to 
bl in Table IV in comparison with similar 
genotypes of the other Tables when b/ is sepa- 
rated from sb. Therefore it may be supposed 
that some viability reducer occurred between 
sb and bl in this material. In contrast, sb b/ 
combinations are not noticeably reduced in 
Table I in comparison with similar genotypes 
of the other tables. It may be concluded that 
while the various combinations of visibles de- 
termine differences in viability, there is no 
constant relationship in this material and that 
numerous viability modifiers affect the haploid 
males. 

Table VI totals Tables I- V according to 
crossover regions. In column 2 the percentages 
of the frequencies of the alternative combina- 
tions are averaged so that the five different ex- 
periments are given equal weight. Column 3 
gives total frequencies for the different regions 
and column 4 gives percentages of these fre- 
quencies out of the grand total of all experi- 
ments, 30,793. The crossover and coincidence 
percentages in column 5 are based on total 
frequencies. If viability differences among the 
different genotypes caused appreciable differ- 
ences in relative frequencies of the different 
pairs, this might in part be compensated by giv- 
ing equal weight to the different experiments. 
Similarity of percentages in columns 2 and 4 
and approximate similarity of crossover and 
coincidence percentages in the different ex- 
periments may be taken as evidence that dis- 
parity in viability of the different genotypes is 
compensated to a considerable extent by sum- 
ming the alternatives. 


Evaluation of Results 


The new data agree with those of 
Clark? as regards length of the three re- 
gions, except that sb - bl averages slight- 
ly shorter. They also show that there is 
significant interference of crossing over 
in sb- bl with bl-le, but they indicate 
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no interference across /e. Clark has 
pointed out the possibility of the spindle 
fibre being located near Je and many data 
indicate lack of interference. However, 
Clark reported three experiments from 
le females crossed with b/ c males which 
were not summarized together and con- 
sidered in this respect. This has been 
done in Table X from which it may be 
seen that coincidence is somewhat less 
than 100 percent. Application of the 
test shows probability of agreement with 
random distribution of crossing over to 
be less than two percent. There is, 
therefore, a suggestion that some slight 
interference may be present in some ex- 
periments. Considerable variation in 
crossing over has been noted for the d/- 
le region in different experiments so that 
differences probably exist between dif- 
ferent stocks. Possibly inversions play a 
part and such would also affect coinci- 
dence. Interferenec of b/-Jle with le-c 
might occur if the centromere were at an 
appreciable distance from /e in some 
strains while in strains with close ap- 
proximation of Je and the centromere 
coincidence would be complete. 

After conclusion of discussion of four- 
point linkage and after the students are 
familiar with the fact that meiosis segre- 
gates the four chromatids of each tetrad 
into the three polar bodies and the re- 
duced egg nucleus, the meaning of al- 
ternativeness of the genotype pairs is 
considered. The question is raised—if 
sb, for example, remains in the egg, does 
the combination b/ le c necessarily occur 
in one of the polar bodies and what then 
occurs in the other two? This leads to 
consideration of four-strand crossing- 
over and the relation of crossing-over 
to chiasmata. 


Literature Cited 


Brinces, C. B. Amer. Nat. 66 :572-574. 
2. CrarK, Arnon M. Proc. Pa. Acad. of 
Sci. 17 :47-64. 1943. 


A PEDIGREE OF GENERALIZED LENTIGO 


ALAN C. PIPKIN AND SARAH BEDICHEK PIPKIN* 
School of Medicine, American University of Beirut, Lebanon 


genes) is distinguished from or- 

dinary freckling (ephelides) by 
the presence of small brownish macules. 
These appear not only on exposed re- 
gions of the body but also on areas which 
ate sheltered from the sun by clothing 
such as the thighs, abdomen, back, and 
chest. Ephelides also tend to become 
paler in the winter, whereas lentiginous 
spots do not show seasonal variation in 
shade. Furthermore, according to Orms- 
by and Montgomery,* there is no thick- 
ening of the epidermis or proliferation 
of rete ridges in ephelides which charac- 
terizes generalized lentigo. 

A thorough study of a case of lentigo 
was made by Zeisler and Becker. The 
patient was the only member of her fam- 
ily thus affected, so that no information 
concerning the possible genetic nature of 
the abnormality was available. In a case 
of generalized lentigo reported by Ros- 
en,’ a brother and a sister of the patient 
were also said to possess pigmented spots 
though only in small numbers. 

In the present study, generalized lenti- 
go was found in eight individuals belong- 
ing to three generations of a family of 
Maltese-Lebanese extraction. 

The propositus of the pedigree, III-4, 
was covered with dark reddish-brown 
macules, varying in size from a pin head 
toa large pea (Figure 14). These spots 
were most densely concentrated on his 
face and neck although they were pres- 
ent in large numbers on his arms, dorsal 
surfaces of hands, chest, back, thighs, 
and lower legs. Some spots were found 
on the ears, eyelids, lips, and palms. The 
upper arms and chest were not often ex- 
posed to the sun. As Figure 13 shows, 
these regions are preceptibly paler in the 
absence of tanning than the exposed re- 
gions. No pigmented spots were found 


(5 i iin lentigo (lenti- 


on the conjunctiva. A few of the larger 
macules were very slightly raised. 

A histological examination of a sec- 
tion of skin from the right arm of III-4, 
the propositus, was made by Dr. Edith 
E. Sproul, M.D., to whom the authors 
owe the following description : 


“Over half of the section of epidermis is of 
normal thickness or thinned with few rete 
pegs. The basal cells contain a very small 
amount of melanin in fine granules. The der- 
mis beneath this part appears normal. The 
other half of the section shows an abrupt 
increase in size of rete pegs with enlargement 
and increase in number of basal cells. They 
contain a great abundance of yellow brown 
nonrefractive pigment resembling melanin but 
tending to scatter in coarser granules. Similar 
pigment is prominent scattered superficially 
through this part of the dermis in individual 
small rounded or elongated cells. These never 
form nodules such as observed in the usual 
nevus. Prussian Blue reaction shows that none 
of the pigment is hemosiderin.” 

Lentiginous spots in an older sister (III-1) 
of the propositus were as intense and as fre- 
quent as in the latter (Figure 13). Dark red- 
dish-brown macules covered this girl’s face so 
densely that adjacent spots frequently merged. 
As in her brother, III-1 possessed spots on 
the eyelids, lips and palms, as well as on the 
face, neck, arms and dorsum of hands. She 
also was affected with pigmented spots on 
the unexposed regions of chest, back, thighs, 
and legs. Macules in a younger sister (III-6) 
whose photograph appears in Figure 13, were 
paler and not so extensive as in her other two 
sibs. They are nevertheless clearly a varia- 
tion of the same abnormality. 

The father of the three children with pig- 
mented spots also displayed the anomaly. He 
and two pigmented brothers were seen by the 
authors, and a third brother, now dead, was 
described by them. Photographs of II-1, fath- 
er of the propositus, and II-5, uncle of the 
propositus appear in Figure 13. The macules 
in these individuals appeared as extensive as 
in the propositus, but they were considerably 
paler. According to the statement of II-1, his 
pigmented spots had not altered in color with 
age. A summary description of all lentiginous 
members of the pedigree is given in Table I 
This shows that the age of onset of lentigo 
among the different affected members of the 


: *The authors are indebted to Dr. H. Chaglassian, M.D., for locating the present case, mak- 
ing the biopsy, and for suggestions to Dr. Edith E. Sproul, M.D., for the histological examina- 
tion, and to Dr. A. Diab, M.D., for the opthalmoscopic examination. 
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SKIN AND EYES AFFECTED 
Figure 13 


The individuals shown here are found in generations IT and III of the pedigree (Figure 14). 
Lentigo differs from freckling in the spots being permanent and not limited to the parts of the 
body exposed to the sun. The oscilation of the eyeball in fixation nystagmus is induced when 
the individual attempts to follow a finger moving from side to side in front of the eyes. Two 
views of III-4 are given to show extent of pigmentation and details. 


pedigree varied from about four years to ten 
years of age. The hair of the propositus and 
his sibs was dark brown; skin, fair, though 
not so fair as in extremely blond members of 
the white race. In no affected individuals 
were erythema, atropic white spots, or te- 
langiectases seen, and only two molelike raised 
areas were observed. These were on the face 
of II-1, father of the propositus. Also no pig- 
mented spots were found on the conjunctiva in 
any member of the pedigree observed by the 
authors. None of these traits was observed 
in the following individuals free from the pig- 
mented condition: I-4, II-2, II-7,and all chil- 
dren of II-7. 

Upon rubbing the skin of the propositus, 
III-4, either on regions including spots or on 
regions without spots, no urticaria resulted. 


A pronounced lateral nystagmus was pres- 
ent in the propositus, III-4, and his older sis- 
ter, III-1. In III-4 the nystagmus resembled 
that found in negro albinos4; that is, it was 
present continuously. In III-1 the nystagmus 
was irregular; while sometimes occurring 
spontaneously, at other times it was not ap- 
parent though it could be induced. Strabismus 
was present in both III-1 and III-4 and it was 
reported to have been present in II-3, now de- 
ceased. An ophthalmoscopic examination ot 
the eye of III-4 made by Dr. A. Diab, M.D. 
revealed a normal fundus. Other lentiginous 
members of the pedigree examined, displayed 
a lateral nystagmus similar to a fixation ny- 
stagmus. They developed nystagmus upon fol- 
lowing a finger moved from side to side m 
front of the eyes. The non-lentiginous mem 
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FIXATION NYSTAGUNUS 
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ASSOCIATION BETWEEN LENTIGO AND NYSTAGMUS 
Figure 14 


With one exception, the individuals in this family exhibiting lentigo also have nystagmus. 
No other record of such an association is found in the literature. 


bers were found not to possess a fixation 
nystagmus such as was present in any lentigi- 
nous individuals of the family.* IV-1 was too 
young to be tested for a fixation nystagmus. 
Her eyes were apparently normal. No evidence 
of photophobia was found in any member of 
the family. 

Information regarding the pedigree was ob- 
tained from I-4, II-1, II-7, and III-8. The 
authors examined I-4, II-1, II-5, II-7, II-9, 
II-10, and all members of generations IIT and 
IV. The father of the propositus, II-1, came 
from the island of Malta, whereas his wife was 
Lebanese, confirming their claim of no kinship. 

There was some doubt in making a 
diagnosis of generalized lentigo in this 
pedigree due to the similarity of the 
symptoms to certain other pigmented 
conditions. Ephelides was ruled out, al- 
though this trait is inherited as an au- 
tosomal dominant according to Hammer, 
as quoted by Cockayne,! because in the 
present case the pigmented spots occur 
upon unexposed parts of the body as 
well as on exposed parts, and also be- 
cause the present case shows increase in 
size of rete pegs with enlargement and 
merease in number of basal cells. The 
histological examination shows that the 
condition is not the usual type of nevus, 
nor is it due to a breakdown of hemo- 
globin since none of the pigment proved 
to be hemosiderin. 

That the pigmented macules might 
represent an atypical form of Von Reck- 


linghausen’s disease was rejected for the 
reason that seven affected individuals of 
the pedigree were examined, and none of 
them exhibited white spots, tumors or 
pronounced raised areas (with the ex- 
ception of two molelike structures on II- 
1). Atypical cases of xeroderma pig- 
mentosa have been described which re- 
semble the case under consideration. 
However, none of the seven affected 
members of the present pedigree showed 
erythema, atrophic white spots, telan- 
giectases or photophobia. Furthermore, 
xeroderma pigmentosa is inherited as a 
partially sex-linked recessive abnormal- 
ity,? whereas the present abnormality is 
inherited as a simple autosomal domi- 
nant. Thus in borderline cases a pedi- 
gree study may help differentiate atypical 
cases of xeroderma pigmentosa from 
generalized lentigo. 


TABLE I. Description of generalized | lentigo among 


of the pedig 


Pedigree Age when Age onset Intensity of 

number seen macules pigmentation 
II-1 51 4 yellowish red 
11-5 35 4 yellowish red 
11-9 32 6 yellowish red 
III-1 26 6 dark reddish 
IIl-4 21 9 dark reddish 
III-6 16 10 yellowish red 
II-3 d, at 45 5 not seen 


* With three exceptions the pigmentation extended without 
noticeable differences on the face, lips, neck, ears, back of 
the hands and arms, palms, legs, chest, thighs and back. In 
the case of three individuals (II-1, II-5, and III-6), there 
was an absence of macules on the lips and the palms. II-5 
had macules on the ears. 


*The normal individuals tested were I-4, 1-2, II-7, II-8, I1-10, III-7, I1I-8, I1I-9, III-10, 
III-12, and ITI-13. 
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No previous description of general- 
ized lentigo records any ocular abnormal- 
ity associated with the pigmented condi- 
tion. The nystagmus in the present pedi- 
gree which varied considerably among 
the different lentiginous members, might 
be dependent upon a gene closely linked 
to the gene causing lentigo with no cross- 
ing over in the present pedigree. On the 
other hand, nystagmus could be a mani- 
fold effect of the same gene causing len- 
tigo. The only other case known to the 
authors where pigmented spots (pre- 
sumably freckles) and nystagmus occur 
together, is in negro albinos and San 
Blas Indian albinos. 


Summary 


A pedigree of generalized lentigo with 
eight affected members in three genera- 
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tions was described which followed au- 
tosomal dominant type of inheritance. 
The extent and intensity of pigmented 
spots varies among the different affected 
members of the pedigree. A _ fixation 
nystagmus was associated with the lenti- 
go in the present pedigree. 
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FOUR GENERATIONS OF RINGED HAIR 


LavuRENCE M. AsHLEY* AND RoBert S. JACQUES 


NORMAL AND “RINGED” HAIR 
Figure 15 
The banded appearance of ringed hair is due to the inclusion of air in the cortex. Ringed 
hair is weaker than normal hair, and tends to be “self-bobbing.” 


pl annulati or Ringelhaare (ringed hair) 
is one of the rarest inherited anomalies 
manifest in man. In this condition the hair is 
normally cylindrical, but is clearly differenti- 
ated into light and dark zones which are due 
to the presence of alternating aggregations of 
air bubbles in the cortex. Karsch, in 1864, was 
the first to record ringed hair and gave it the 
name “pili annulati.” Between 1864 and 1922, 
there were recorded only eighteen other cases, 


of which fourteen were described in the litera- 
ture. In that year, Cady and Trotter? pub- 
lished a résumé of these cases and also added 
the histories of three more affected families. 
Since 1922 instances of ringed hair have been 
reported by Snell and Foley?, Joun®, Erhardt? 
Reyn®, and Bory and Galy!. With the inclusion 
of the pedigree we are submitting, investiga- 
tions have revealed the occurence of pili annu- 
lati in 27 different families. 


*Professor of Zoology, Walla Walla College, College Place, Wash. 
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@ 4] Individuals known to be affected with Pili Annuloti 


—Individual 


FOUR GENERATIONS OF RINGED HAIR 
Figure 16 


A sample of ringed hair under gross exami- 
nation appears the same as would normal 
hair except for the alternating light and dark 
bands. These contrasting areas present sharply 
defined segments. Microscopic study reveals 
no marked histological deviation from normal 
hair other than the contrasting light and dark 
segments. 

The aspect presented by pili annulati when 
observed en masse, is that of hair which ap- 
pears lusterless, greying, sandy-colored or 
speckled. In some cases the hair may be 
shorter than normal due to the fact that it 
tends to break off at the light, gas-filled, 
segment. 

Karsch in his description of ringed hair en- 
deavored to explain the light areas in the 
normally dark hair as white pigment areas. 
Speiss in 1859, however, offered the theory 
that the light bands could be attributed to air 
or gas bubbles which would indicate a lack 
of any pigment. In support of Speiss we also 

ve the conclusion of Cady and Trotter. 
Based on the refractive behavior of ringed 
hair examined under transmitted and reflected 
illumination, these authors concluded that: 

Appearance of pili annulati is caused by gas- 

lled interstices in the cortex and medulla 
of the hair. The appearance is not caused by 
lack of pigment or pigment atrophy.” 

first indication that pili annulati might 

a result of hereditary transmission was ad- 
vanced by Galloway4 when he reported the 
cases of two brothers. In all cases recorded 
where the pedigrees of the families concerned 


can be traced, this condition follows a pattern 
of dominant or irregular dominant inheritance. 
The pedigree of our case is an example of 
dominant inheritance. 

In presenting this pedigree of pili annulati 
we wish to thank Miss Catherine Chonkich 
who first called our attention to this case and 
who also submitted the pedigree to us. We 
have investigated this family and have verified 
the pertinent facts to our own satisfaction. 

The propositus, (IV-2), had always been 
under the impression that her hair was sandy 
colored, until it was brought to her attention 
that her hair had a banded appearance. Upon 
further observation there could be plainly 
seen with the unaided eye the alternating light 
and dark bands peculiar to pili annulati. All 
the hair of her head was affected. Because the 
action of combing tended to break the hair at 
the air-filled zones, her hair was never longer 
than six inches. It did not break off at the 
roots. Additional investigation bore out the 
fact that she had been born with banded hair 
and that it had been transmitted through her 
father, (III-1). III-4, II-6, and I-1 were 
similarly affected. It occurs in all generations 
and about half of each generation is affected: 
the mode of inheritance is simple dominance. 

Some authors consider this condition to be 
synonymous with monilithrix or beaded hair. 
From our investigation we have come to con- 
sider these two conditions as being decidedly 
different. A few of these differences will be 
given. Monilithrix hair gives the appearance 
of being beaded or having constrictions in the 
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hair at regular intervals, while pili annulati is 
cylindrical throughout with no change in the 
hair circumference at any point. Weber and 
Axhausen® point out the difference by stating, 
“The appearance is (speaking of monilithrix), 
however, quite different than that of “ringed 
hair” (Ringelhaare) in which there are no 
true constrictions .. .” Also, follicular kera- 
tosis (keratosis pilaris) usually accompanies 
monilithrix which is seldom true in the case of 
pili annulati. The affects of pili annulati are 
confined to the hairs of the head for the most 
part, while monilithrix is usually manifest in 
the hair of other parts of the body as well as 
the head. In cases of monilithrix the hair of 
the head is sparse, while in cases of pili annu- 
lati there is usually a normal growth of hair 
over the head. The hair has a tendency to 
break off at the roots in monilithrix, but in 
pili annulati the hair may vary in length from 
the normal to that of only an inch or so in 
length. 

Cady and Trotter affirm that there is no 
evidence of pathology connected with pili 
annulati. It is presumed that many cases of 
pili annulati go undetected because there are 
so few accompanying disorders. 


of Heredity 


Summary 


A pedigree has been offered presenting four 
generations of pili annulati in which simple J 
dominance is the obvious mode of inheritance, 4 
A brief review of the literature has been pre- 9 
sented. The contrasting characteristics of 
monilithrix and _ pili annulati have been dis- 
cussed. 
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Human Races and the Soviets 


To THE Epitor: 

HE November 1949 number of the Jour- 

NAL OF HEREDITY contains a translation of 
statements of Professor A. N. Studitski which 
are so weird that it is difficult to take them 
seriously. Many of them are as ludicrous as 
some of the footnotes of German commenta- 
tors on Shakespeare’s plays. My Human An- 
cestry is quoted to the effect that “Polynes- 
ians, Melanesians and Negroes emerged as hu- 
man races at a comparatively late period.” 
There is nothing particularly wrong with that 
statement.as it stands, but he goes on to make 
it appear that this means that “the black races 
quite recently emerged out of a simian state”! 
Perversion of meaning could hardly go fur- 
ther. I say in fact (p. 337), “Originating in 
India or Java, . . . the proto-Polynesians are 
believed to have launched into the Pacific from 
Java about the time of Christ.” No one who 
reads my book could regard Professor Studit- 
ski’s statement as anything less than an in- 
tentional misrepresentation. He speaks of “re- 
actionary delirium” which, however, is not 
mine but his. 

The rest of his diatribe is unworthy of fur- 
ther notice, but I may take this opportunity to 
correct certain other statements that have been 
made. He says (p. 308), “Darwin hotly de- _ 
fended the idea of the unity of the human 
race.” Darwin’s views on human races were 
fully discussed in Chapter XI of my book. He 
did not “hotly defend” anything. That was not 
his way. Instead, he put forward a careful 
and well-balanced discussion, based on the 
knowledge of his time, from which I have 
made a number of quotations. 


This paragon of fairmindedness announces J 
that eugenics is a “reactionary perversion of 3 
science.” He decries the sterilization of im- 
beciles, but his country sends millions to their 
death in labor camps under subhuman condi- J 
tions and has the effrontery to label as “de- 
mocracy” a condition in which “liquidation” 
is the penalty for failure to toe the line re-g 
garding the latest developments in Communist @ 
dogma. He refers to need of Lebensraum as¥ 
an excuse for aggression by the “German fas-9 
cists,” but the Russian Communists have com=% 
mitted aggression on the whole of Eastert 
Europe without even this excuse. He says@ 
“The world will never forget the crimes coms§ 
mitted by German fascism.” Why should ij 
forget Communist crimes against millions off 
their own people as well as nearly the whole 
population of Eastern Europe, which they ate 
endeavoring to enslave. q 

It is clear that when a tyranny has so much 
to hide they must catch at straws in their ef 
forts to hoodwink the people over whom theirg 
tyranny is exerted. But truth will out, 
even a slave state cannot ultimately suppresam 
it. They use the shibboleth that “all men : 
equal” to fasten the shackles more securely om@ 
their slaves. One hopes that is politically true? 
at least outside of Communist rule, but every 
biologist knows that biologically no two mem 
are alike in their desires, aptitudes or achi 
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